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A monopolar cell pack for a direct methanol fuel 

cell is provided. In the monopolar cell pack, 

series -connection of electrodes makes it unnecessary for connections to 
pass through an electrolyte membrane and allows single cells to be elec. 
connected on the first and second surfaces of the ion exchange membrane, 
resp., thereby preventing leakage of fuel. As a result, the internal 
elec. circuit according to the present invention can be simplified. 

since current collectors contact the anodes and cathodes entirely rather 
than partially, contact resistance can be considerably reduced, thereby 
greatly reducing a loss due to resistance. Carbon dioxide, which is a 
byproduct of the reaction, can be easily exhausted through an exhaust 

installed in each current collector, thereby improving performance of a 
cell pack. 
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Monopolar cell pack of direct methanol 
fuel cells 
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AB The difference between the monopolar fuel 

cells and the more familiar bipolar fuel cell 

designs lies in the way that the stack is structured. In a 

monopolar fuel cell air is supplied by free 

convection, with at most a small fan used to move the air over the 
cathode. Methanol is supplied at low pressure with several cells sharing 
a common fuel supply. This eliminates most of the ancillary elements of 

a 

conventional stack. The result is a much lighter, and less expensive to 
manuf . , fuel cell for low power applications. There 
are limitations on monopolar DMFCs . Because they operate at 
ambient pressure and near ambient temps., monopolar DMFCs cannot 
achieve the specific power densities achieved by conventional bipolar 
designs, but with proper catalyst selection and electrode design 
excellent 

performance can be obtained, even under these relatively mild conditions. 
A 15 W, stand-alone power supply was developed and demonstrated. 
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AB A stand alone direct methanol fuel cell (DMFC) power 

supply was developed that based on a monopolar DMFC stack. 
Metal grids were used as electrodes, and a gas diffusion layer was built 
around the metal grid by application of a conductive paste that upon 
curing remained porous and permitted the reactants to flow to the 

catalyst 

and for the byproducts (H20 and C02) to exit the membrane surface. 
Conversion losses and parasitic losses were the major sources of 
inefficiency in this system. The conversion losses resulted from 
inefficiencies of the DC/DC converter and could be minimized by a 
properly 

sizing. Parasitic losses resulted from power consumed for the air supply 
and circulation of the fuel soln., and they could be minimized by redn. 

of 

the flow resistance of the fluids. 
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AB Materials and processes for water management electrode, efficient flow 
field, low cost ionomer membrane and stack design for proton exchange 
membrane fuel cell (PEMFC) also with methanol oxidn. 

catalyst, liq. diffusion electrode, low methanol cross-over membrane and 
efficient monopolar cell pack design for direct methanol 
fuel cell (DMFC) are discussed. These include the tech. 
achievements of small PEMFC (Membrane and Electrode Assembly (MEA) : 400 
mW/cm2 with non-humidified H2/air, 1 Bar, 30 . degree. C; membrane: 0.1 
S/cm; stack: 40 and 200 W with no peripheral) and miniaturized DMFC (MEA: 
50 mW/cm2 with 2 M methanol and 1 Bar air at 30 . degree. C; membrane: 
hybrid; cell pack: 600 mW) . Further studies for the realization of these 
technologies are also suggested. 
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AB A proton exchange membrane fuel cell and a direct 
methanol fuel cell pack using a monopolar 
electrode are provided. The fuel cell pack includes a 

plurality of cells each having a membrane in its middle and a cathode and 
an anode at both sides of the membrane, collector plates contacting the 
cathode and the anode, resp., in each cell, and an elec. connection 
member 

for elec. connecting adjacent cells. The cells are evenly disposed on an 
arbitrary plane with a hollow interposed between two adjacent cells. The 
elec. connection member is positioned in the hollow. The fuel 
cell pack also includes a porous fuel diffusion member contacting 
the anode of each cell; a porous air contact member contacting the 
cathode 

of each cell; an anode end plate and a cathode end plate disposed at the 
side of the anodes of the cells and at the side of the cathodes of the 
cells, resp., for protecting the cells; a fuel supply and discharge unit 
for supplying fuel toward the anodes in the hollow and discharging the 
fuel; a fuel flow stopper disposed at a portion at the part of the 
cathodes in the hollow, for preventing fuel flowing at a portion at the 
part of the anodes in the hollow from flowing toward the portion at the 
part of the cathodes in the hollow; and a sealing member for sealing the 
anodes of the cells and the portion of the hollow corresponding to the 
anodes. Accordingly, circulation of fuel for the plurality of cells is 
performed through a single inlet and a single outlet so that a fuel 
supply 

line is very simple compared to a structure of a fuel supply line for 

each 

cell in a conventional cell pack having a structural limitation. In 



addn., the cell pack generates current of a high d. without a sep. 



cooling 

device . 
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A review with 14 refs. of three types of stack structure designs of 
polymer electrolyte membrane fuel cells (PEMFCs) and 

evaluation under various humidities and temps., including bipolar, pseudo 
bipolar and monopolar (strip) stacks. The bipolar stack design 
is suitable for delivering moderate to high power, but if a single cell 
fails it may lead to a loss of power for the whole stack. Water, heat, 
fuel, and air management is required in bipolar plate design. For the 
pseudo-bipolar cell stack design it is easy to achieve high power by 
simple addn. of more bi-cell units, but each bi-cell has to be filled 

fuel and air sep. In the monopolar cell stack design a common 

gas flow field is shared by a whole strip, when a single cell fails the 

stack performance will not be affected seriously. Monopolar 

cell stack design is suitable for applications in low power and high 

voltage devices because of its high internal resistance. 
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AB Small fuel cells offer the possibility of a battery 

replacement device with a greatly improved energy storage d. 

Unfortunately, most fuel cell systems have proven to 

be too complex to scale down effectively for small applications. As 

demonstrated here, monopolar fuel cells are 

the simplest approach to a fuel cell power supply, 

with fewer moving parts and far less ancillary components, yet they are 
capable of delivering the power densities needed to produce systems with 
energy densities in excess of those achievable with batteries. 
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AB The cell system uses a monopolar cell design where the electrode 
surfaces are sufficiently accessible to the gases that it is not 
necessary 

for the oxidizer and reducer gases to be compressed. The fuel 

cell is ideal for personal use due to its light wt . , compact size 

and self contained operation. An added feature of the invention is that 

individual fuel cells may be linked together to 

achieve greater voltages or currents. 
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AB A gas convection electrode is furnished with means for forced transport 
of 



gas from an upstream chamber through the active part of the electrode to 



downstream chamber. One or both sides of the electrode are at the same 
time in contact with the electrolyte in bipolar or monopolar 
embodiments. A selective gas-permeable membrane on the upstream side of 
the electrodes is used in 1 embodiment to sep. nondesirable components 
present in the reaction gas. Thus, the use of the invention with 
different fuel cells and air-metal batteries is 

illustrated. The invention provides for better performance and better 
life properties and endurance towards abnormal operation situations vs. 
conventional gas diffusion electrodes. 
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Many aspects that play a sometimes conflicting role in the scaling up of 
small lab. half cells into practical fuel-cell stacks 

for transportation applications are summarized. Already in a very early 
stage attention should be given to these aspects. From the presented 
example it can be concluded that very large differences in c.d. will 

over the electrode surface, and that the sp. power of actual fuel 
-cell stacks will be <60% of that of the small lab. cells if a 
monopolar cell construction is chosen. Attention is given to 
material aspects and to the C02 problem for alk. fuel 
cells . 
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AB The distribution of the electrochem. process in a cell having thin 
monopolar electrodes is considered for the flow of an electrolyte 
soln. contg. dissolved reactants and gaseous reaction products in the 
interelectrode gap. The Poisson equation system describing the processes 
was solved numerically on a computer. The solns . for various current 
collector arrangements are presented. 
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AB The fuel cell battery comprises a plurality of 

fuel cells with liq. electrolytes and .gtoreq.l gaseous 

reactant. The single cells and their electrodes are sepd. from each 

other 

by a metal sheet. By varying connection of single fuel 
cells, monopolar and bipolar electrode groups are 

formed, the former being obtained by connecting anodes or cathodes of 2 
cells with sepg. sheets between them, the latter by connecting an anode 
and a cathode of 2 elements, also with sepg. sheets between them. 
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